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PLASMA BOUNDARY LIMITER UNIT AND
APPARATUS FOR TREATING SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 of Korean Patent Application
Nos. 10-2012-0021191, filed on Feb. 29, 2012, and 10-2012-

0050235, filed on May 11, 2012, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to an appa-
ratus for treating a substrate, and more particularly, to an
apparatus for treating a substrate by using plasma and a
plasma boundary limiter unit used therein.

In general, semiconductor manufacturing processes may
be classified 1nto a variety of processes such as a deposition
process, a photolithography process, an etching process, a
polishing process, and a cleaning process. Among these
processes, the deposition process or the etching process
treats a substrate by using plasma. A portion of a substrate
treatment apparatus using plasma may include a confine-
ment ring that confines plasma so that the plasma within a
process chamber stays 1n a vertical upper space of a waler
during the process.

Generally, a confinement ring 1s disposed to surround a
vertical upper space of a substrate. Also, the confinement
ring includes an integrated body having a circular ring
shape. The confinement ring may be provided in plurality.
Here, the plurality of confinement rings are vertically spaced
apart from each other. A distance between the confinement
rings 1s relatively narrow to prevent plasma from leaking
therebetween. However, 1n the case where the confinement
rings having the above-described structure are used, a
plasma leakage prevention eflect 1s not high. Also, when the
confinement rings having the above-described structure are
used, 1t may be diflicult to control plasma density for each
region 1n mner regions of the confinement rings.

Also, the confinement rings interfere with a moving path
ol a substrate when the substrate 1s loaded into or unloaded
from the process chamber. Thus, the confinement rings
move to a standby position at which the confinement rings
do not interfere with the moving path of the substrate when
the substrate 1s loaded into or unloaded from the process
chamber by a ring driver. Thus, since the confinement rings
move to the standby position before or after an opening for
loading or unloading the substrate 1s opened, a large number
of processes 1s needed. Also, since the ring driver for moving
the confinement rings 1s provided, the apparatus may be
complicated 1n structure. Also, since the ring driver verti-
cally moves all of the confinement rings, a large load may be
applied to the ring dniver.

SUMMARY OF THE INVENTION

The present invention provides a plasma boundary limiter
unit having a novel structure that 1s capable of preventing
plasma from leaking and a substrate treatment apparatus
including the same.

The present invention also provides a plasma boundary
limiter unit that 1s capable of controlling the density of
plasma for each region above a substrate and a substrate
treatment apparatus including the same.
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The present invention also provides a substrate treatment
apparatus capable of reducing the number of processes
required when a substrate 1s loaded 1nto or unloaded from a
process chamber.

The present invention also provides a substrate treatment
apparatus capable of reducing a time required when a
substrate 1s loaded into or unloaded from a process chamber.

The present invention also provides a substrate treatment
apparatus capable of reducing the number of parts that are
used for moving a conifinement ring.

The present invention also provides a substrate treatment
apparatus and method capable of reducing a load applied
when a confinement ring moves 1n a vertical direction.

The feature of the present invention i1s not limited to the
aforesaid, but other features not described herein will be
clearly understood by those skilled in the art from descrip-
tions below.

Embodiments of the present mvention provide appara-
tuses for treating a substrate, the apparatuses including: a
process chamber having an opening through which the
substrate 1s loaded or unloaded, the process chamber 1nclud-
ing a door assembly for opening or closing the opening; a
support unit disposed within the process chamber to support
the substrate; a gas supply unit for supplying a process gas
into the process chamber; a plasma generation unit for
generating plasma from the process gas; and a plasma
boundary limiter unit disposed within the process chamber
to surround a discharge space defined above the support unit,
the plasma boundary limiter unit minimizing the plasma
from leaking from the discharge space, wherein the plasma
boundary limiter unit includes a plurality of plates disposed
along a circumierence of the discharge space, and the
plurality of plates are spaced apart from each other along the
circumierence of the discharge space so that a gas within the
discharge space flows to the outside of the discharge space
through passages provided between the adjacent plates.

In some embodiments, the plasma boundary limiter unit
further may include a coupling member for coupling the
plurality of plates to each other. The coupling member may
be provided as a ring body. The ring body may be disposed
on upper ends of the plates.

In other embodiments, the ring body may include: a first
body; and a second body vertically movable with respect to
the first body within the process chamber, wherein the first
body and the second body may be combined with each other
to form a ring shape.

In still other embodiments, the second body may be
coupled to the door assembly to vertically move together
with the door assembly.

In even other embodiments, the apparatuses may further
include a body driver for vertically driving the second body.

In yet other embodiments, the plates may have the same
distance therebetween.

In further embodiments, the plates may have diflerent
thickness 1n a vertical direction so that the passages have
different widths 1n the vertical direction. For example, each
ol the passages may have a lower width less than an upper
width thereof.

In still further embodiments, the first body and the second
body may be combined with each other to form a circular
ring shape, and a length of a side parallel to a radius
direction of the ring body of each of the plates may be longer
than that of a side perpendicular to the radius direction of the
ring body.

In even further embodiments, the first body and the
second body may be combined with each other to form a
circular ring shape, and the plates may have the same width
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in a length direction thereof so that a distance between the
plates disposed along a radius direction of the ring body 1s
gradually widened toward the outside of the discharge space.

In yet further embodiments, the first body and the second
body may be combined with each other to form a circular
ring shape, and each of the plates may have a width
gradually increasing 1n a length direction thereof toward the
outside of the discharge space so that the plates disposed
along a radius direction of the ring body have the same
distance therebetween.

In much further embodiments, the plates disposed along
a length direction of the ring body may have different
distances therebetween.

In still much further embodiments, lower ends of the
plates may be disposed adjacent to an upper end of the
support unit.

In even much further embodiments, lower ends of the
plates may be disposed under an upper end of the support
unit.

In yet much further embodiments, each of the plates may
be bent in a direction away from the discharge space.

In yet much further embodiments, each of the plates may
be vertically bent.

In yet much further embodiments, the coupling member
may be coupled to the door assembly to vertically move
together with the door assembly.

In yet much further embodiments, the door assembly may
include: an outer door disposed outside the process chamber;
an mner door disposed inside the process chamber to face
the outer door, the mner door being coupled to the coupling,
member; and a connection plate connecting the outer door to
the iner door, wherein the outer door may be vertically
driven by a door driver.

In yet much further embodiments, the plasma boundary
limiter unit may be formed of a conductive material, and the
plasma boundary limiter unit may be in contact with an
upper electrode so that the plasma boundary limiter unit 1s
clectrically connected to the upper electrode.

Embodiments of the present invention provide plasma
boundary limiter units that are used for minimizing leakage
of plasma from a discharge space to the outside 1n an
apparatus for treating a substrate by using the plasma, the
plasma boundary limiter units including: a plurality of plates
disposed along a circumierence of the discharge space,
wherein the plurality of plates are spaced apart from each
other along the circumierence of the discharge space so that
a gas within the discharge space tlows to the outside of the

discharge space through passages provided between the
adjacent plates.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are
incorporated 1n and constitute a part of this specification.
The drawings 1llustrate exemplary embodiments of the pres-
ent invention and, together with the description, serve to
explain principles of the present mnvention. In the drawings:

FIG. 1 1s a cross-sectional view of a substrate treatment
apparatus according to an embodiment of the present inven-
tion;

FIGS. 2 and 3 are perspective views illustrating an
example of a plasma boundary limiter unit of FIG. 1;

FIG. 4 1s a schematic plan view 1illustrating a coupling
state between the plasma boundary limiter unit and a door

assembly of FIG. 1;
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FIGS. 5 to 8 are views sequentially illustrating processes
of treating a substrate by using the substrate treatment

apparatus of FIG. 1;

FIGS. 9 to 11 are views illustrating a modified example of
the substrate treatment apparatus of FIG. 1; and

FIGS. 12 to 22 are views of a plasma boundary limiter
unit according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L]
By

ERRED

Hereinafter, a substrate treating apparatus according to
exemplary embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. In description of the present invention, detailed
descriptions related to well-known functions or configura-
tions will be ruled out 1 order not to unnecessarily obscure
subject matters of the present invention.

FIG. 1 1s a view of a substrate processing apparatus 10
according to an embodiment of the present invention. The
substrate treatment apparatus 10 treats a substrate W by
using plasma. In the current embodiment of the present
invention, an apparatus for treating a substrate W by using
plasma will be described as an example. However, technical
features of the present mnvention are not limited thereto. For
example, the technical features of the present invention may
be applied to various kinds of apparatuses which are capable
ol treating the substrate W by using plasma.

Referring to FIG. 1, the substrate treatment apparatus 10
includes a process chamber 100, a support unit 200, a gas
supply unit 300, a plasma generation unit 400, and a plasma
boundary limiter unit 500.

The process chamber 100 provides a space in which a
process 1s performed. An exhaust hole 103 1s defined 1n the
bottom of the process chamber 100. The exhaust hole 103 1s
connected to an exhaust line 121 in which a pump 122 is
mounted. Reaction byproducts generated during the process
and gases staying in the process chamber 100 may be
exhausted to the outside through the exhaust line 121. Also,
the inner space of the process chamber 100 1s decompressed
to a predetermined pressure through the exhausting process.
The exhaust hole 103 1s defined 1n a position that directly
communicates with an outer space of the plasma boundary
limiter unit 500 (that will be described later) 1n the process
chamber 100. According to an embodiment, the exhaust hole
103 may be defined 1n a position that disposed directly
below the plasma boundary limiter unit 500.

An opening 104 1s defined 1n a sidewall of the process
chamber 100. The opeming 104 serves as a passage through
which a substrate (see reference symbol W of FIG. 6) 1s
loaded 1nto or unloaded from the process chamber 100. The
opening 104 1s opened or closed by a door assembly 140.
According to an embodiment, the door assembly 140
includes an outer door 142, an inner door 144, and a
connection plate 146. The outer door 142 1s disposed on an
outer wall of the process chamber 100. The mner door 144
1s disposed on an 1inner wall of the process chamber 100. The
outer door 142 and the mner door 144 are fixedly coupled to
cach other by the connection plate 146. The connection plate
146 extends from the side of the process chamber 100 to the
outside through the opening 104. A door driver 148 verti-
cally moves the outer door 142. The door driver 148 may
include a hydropneumatic cylinder or a motor.

The support unit 200 1s disposed 1n a lower region within
the process chamber 100. The support unit 200 supports the
substrate W by using an electrostatic force. Alternatively, the
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support umt 200 may support the substrate W through
various methods such as mechanical clamping.

The support unit 200 includes a base 220, an electrostatic
chuck 240, and a ring assembly 260. The electrostatic chuck
240 supports the substrate W on a top surface thereof by
using the electrostatic force thereof. The electrostatic chuck
240 1s fixedly coupled to the base 220. The ring assembly
260 surrounds the electrostatic chuck 240. According to an
embodiment, the ring assembly 260 includes a focus ring
262 and an msulation ring 264. The focus ring 262 surrounds
the electrostatic chuck 240 to concentrate plasma onto the
substrate W. The insulation ring 264 surrounds the focus ring
262. Alternatively, the ring assembly 260 may include an
edge ring (not shown) that 1s closely attached to a circum-
terence of the focus ring 262 to prevent a side surface of the
clectrostatic chuck 240 from being damaged by the plasma.
Unlike the above-described structure, the ring assembly 260
may variously vary in structure.

According to an embodiment, the electrostatic chuck 240
may be formed of a ceramic matenal, and the focus ring 262
may be formed of a silicon material. Also, the insulation ring,
264 may be formed of a quartz material. A heating member
282 and a cooling member 284 which maintain the substrate
W at a process temperature during the process may be
disposed within the electrostatic chuck 240 or the base 220.
The heating member 282 may be provided as a heating wire.
The cooling member 284 may be provided as a cooling line
through which a refrigerant tflows. According to an embodi-
ment, the heating member 282 may be disposed in the
clectrostatic chuck 240, and the cooling member 284 may be
disposed 1n the base 220.

The gas supply unit 300 supplies a process gas into the
process chamber 100. The gas supply unit 300 includes a gas
storage part 310, a gas supply line 320, and a gas inflow port
330. The gas supply line 320 connects the gas storage part
310 to the gas inflow port 330. The supply line 320 supplies
the process gas stored in the gas storage part 310 into the gas
inflow port 330. A valve 322 for opening or closing the gas
supply line 320 or adjusting a flow amount of a fluid tlowing
into the gas supply line 320 may be disposed 1n the gas
supply line 320.

The plasma generation unit 400 generates plasma from
the process gas that stays 1n a discharge space 102. The
discharge space 102 corresponds to an upper region of the
support unit 200 within the process chamber 100. The
plasma generation unit 400 may have a capacitive coupled
plasma source.

The plasma generation unit 400 includes an upper elec-
trode 420, a lower clectrode 440, and a high frequency
power source 460. The upper electrode 420 and the lower
clectrode 440 are vertically disposed to face each other. The
upper electrode 420 includes a shower head 422 and a ring
member 424. The shower head 422 1s disposed to face the
clectrostatic chuck 240. Also, the shower head 422 may have
a diameter greater than that of the electrostatic chuck 240.
Holes 422a through which a gas 1s sprayed are defined 1n the
shower head 422. The ring member 424 surrounds the
shower head 422. The ring member 424 may be in contact
with the shower head 422 and thus electrically connected to
the shower head 422. The ring member 424 may be closely
attached to the shower head 422. According to an embodi-
ment, the shower head 422 may be formed of a silicon
material. Alternatively, the shower head 422 may be formed
of a metal material. The ring member 424 may be formed of
the same material as the shower head 422. The lower
clectrode 440 may be disposed within the electrostatic chuck
240. According to an embodiment, the upper electrode 420
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may be grounded 429, and the high frequency power source
460 may be connected to the lower electrode 440. Alterna-
tively, the high frequency power source 460 may be con-
nected to the upper electrode 420, and the lower electrode
440 may be grounded. Alternatively, the high frequency
power source 460 may be connected to all of the upper and
lower electrodes 420 and 440. According to an embodiment,
the high frequency power source 460 may continuously
apply power to the upper or lower electrode 420 or 440 or
apply power to the upper or lower electrode 420 or 440 1n
the form of a pulse.

The plasma boundary limiter unit 500 has a ring shape to
surround the discharge space 102. The plasma boundary
limiter unit 500 prevents plasma from leaking from the
discharge space to the outside. The plasma boundary limiter
unit 500 includes a first body 520 and a second body 540.

FIGS. 2 and 3 are perspective views illustrating an
example of the plasma boundary limiter unit 500. FIG. 2
illustrates a state in which the first and second bodies 520
and 3540 are disposed at the same height. FIG. 3 1llustrates a
state 1n which the first and second bodies 520 and 540 are
disposed at heights different from each other. Referring to
FIGS. 2 and 3, the first and second bodies 520 and 540 are
combined with each other to form a ring shape. In a case
where the substrate W 1s a semiconductor water having a
circular plate shape, the first and second bodies 520 and 540
may be combined with each other to form a circular ring
shape. The second body 540 1s disposed 1n a region within
the process chamber 100 to face the opeming through which
the substrate W 1s loaded or unloaded. Each of the first and
second bodies 520 and 540 may have an arc shape. The first
body 520 may have a central angle greater than that of the
second body 540.

Each of the first and second bodies 520 and 540 includes

a ring body 562 provided as a portion of a ring and a
plurality of plates 564 coupled to the ring body 562. The ring
body 562 may be provided as a coupling member that
couples the plurality of plates to each other. The ring body
562 has a rod shape rounded 1n an arc shape. Also, the ring
body 562 may be disposed in substantially the same plane.

The plates 564 may protrude downward from the bottom of
the ring body 562. Each of the plates 564 may have a
rectangular thin plate shape. The plate 564 has a length side
L, a width side W, and a height side H. The length side L of
the plate 564 1s substantially parallel to a radius direction of
the ring body 562. The width side W of the plate 564 1s
substantially perpendicular to the radius direction of the ring
body 562 when viewed from an upper side. The height side
H of the plate 564 1s vertically disposed perpendicular to the
ring body 562. The length side L of the plate 564 1s longer
than the width side of the plate 564. The plates 564 may have
the same width along a length direction of the plate 564.
The plate 564 1s provided 1n plurality. The plates 564 have
the same shape and size. The plates 564 are disposed along
a circumierence of the discharge space 102. The plates 564
may be spaced apart from each other along the circumier-
ence of the discharge space 102. According to an embodi-
ment, the plates 564 may be spaced apart from each other
along the radius direction of the ring body 3562. A space
provided between the adjacent plates 564 1s provided as a
passage through which a gas within the discharge space 102
1s discharged. The plates 564 may have substantially the
same distance therebetween. The plates 564 may have a
distance therebetween enough to restrain leakage of plasma
within the discharge space 102 through the space provided
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between the plates 564. In the drawings, the distance
between the plates may be exaggerated than an actual
distance between the plates.

A lower end of the plate 564 may be disposed at the same
height as a top surface of the support unit 200 or a height
adjacent to the top surface of the support unmit 200. For
example, the lower end of the plate 564 may be disposed at
the same height a top surface of the insulation ring 264 or a
height adjacent to the top surface of the top surface of the
insulation ring 264. Alternatively, the lower end of the plate
564 may be disposed at a height higher than that of the
support unmt 200.

According to the embodiment of FIG. 1, the space
between the adjacent plates 564 may be opened 1n a radius
direction or downward direction. Thus, a portion of a gas
introduced from the discharge space 102 into the space
between the plates 564 flows 1n the radius direction of the
ring body 562 and then 1s discharged to the outside of the
plate 564. Also, the other portion of the gas may flow
downward 1n the space between the plates 564 and then be
discharged to the outside of the plate 564. Thus, the gas may
be further smoothly exhausted when compared to a general
confinement ring 1 which a plurality of rings are spacedly
stacked on each other.

Also, the substrate W 1s loaded into the discharge space
102 within the process chamber 100 through the opening
104 tfrom the outside of the process chamber 100. Then, the
substrate W 1s placed on an elevatable lift pin 170. There-
after, the lift pin 170 descends to place the substrate W on
the support unit 200. The first body 520 and the second body
540 may be coupled to each other to form the ring shape,
thereby interfering with a moving path of the substrate W.

In the current embodiment, the second body 540 and the
first body 520 may have a variable relative height. For
example, the first body 520 i1s fixedly disposed within the
process chamber 100, and the second body 540 1s movable
in a vertical direction. As shown 1n FIG. 3, when the
substrate W moves through the opening 104, the second
body 540 1s disposed so that the second body 540 does not
interfere with the moving path of the substrate W. Also, as
shown 1n FIG. 2, during the process, the second body 540 1s
disposed so that the second body 540 1s coupled to the first
body 520.

FIG. 4 1s a schematic plan view 1llustrating a coupling
state between the plasma boundary limiter unit 500 and the
door assembly 140 of FIG. 1. Referring to FIG. 4, the second
body 540 may be fixedly coupled to the door assembly 140
to vertically move together with the door assembly 140.
According to an embodiment, the second body 540 may be
fixedly coupled to an inner door 144. In this case, the door
assembly 140 and the second body 340 may move by the
door driver 148 without a separate driver for driving the
second body 540. In a state where the opening 104 1s closed
by the door assembly 140, the second body 540 1s disposed
at substantially the same height as the first body 520. On the
other hand, 1n a state where the opening 104 1s opened by the
door assembly 140, the second body 340 1s disposed at a
height different from that of the first body 520. For example,
in the state where the opening 104 1s opened, the second
body 540 may be disposed at a height less than that of the
first body 520.

Also, the plasma boundary limiter unit 300 may be 1n
contact with the upper electrode 420 so that the plasma
boundary limiter unit 500 1s electrically connected to the
upper clectrode 420. According to an embodiment, a top
surtface of the first body 510 may be 1n contact with a bottom
surface of the ring member 424. The plasma boundary
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limiter unit 500 may be formed of a conductive material.
According to an embodiment, the plasma boundary limiter
unit 500 may be formed of the same maternal as the upper
clectrode 420. For example, the plasma boundary limiter
unit 500 may be formed of a silicon or metal material. In this
case, the plasma boundary limiter unit 500 may perform a
function similar to that of the upper electrode 420. Since the
sum of areas of the plasma boundary limiter unit 500 and the
upper electrode 420 1s greater than an area of the lower
clectrode 440, plasma may be further concentrated into a
region adjacent to the lower electrode 440. Therefore, an
ctching rate of the substrate W may be improved.

According to another embodiment, the plasma boundary
limiter unit 300 may be formed of an msulation material. For
example, the plasma boundary limiter unmit 500 may be
formed of quartz. Also, the plasma boundary limiter unit 500
may be spaced from the upper electrode 420.

FIGS. 5 to 8 are views sequentially 1llustrating processes
of treating a substrate by using the substrate treatment
apparatus 10 of FIG. 1. An example of a method of treating
a substrate W 1n the substrate treatment apparatus 10 of FIG.
1 1s as follows. First, as shown 1n FIG. 5, the door assembly
140 moves downward to open the opening 104 of the
process chamber 100, and simultaneously, the second body
540 moves below the first body 520. As shown 1n FIG. 6, the
substrate W 1s mtroduced into the discharge space 102
through the opening 104 and the plasma boundary limiter
umt 500 by a transfer member 190 for transierring the
substrate W. As shown 1n FIG. 7, the substrate WS 1s seated
on the support umt 200. Then, the transfer member 190
moves to the outside of the process chamber 100. As shown
in FI1G. 8, the door assembly 140 moves upward to close the
opening 104 of the process chamber 100, and simultane-
ously, the second body 540 1s coupled to the first body 520.
As a result, the plasma boundary limiter unit 500 may have
a ring shape on the whole. In this state, a process gas 1s
supplied into the discharge space 102. Thus, when plasma 1s
generated within the discharge space 102 to treat the sub-
strate W by using the plasma.

According to an embodiment of the present invention,
since the plasma boundary limiter unit 500 1s divided 1into
the first body 520 and the second body 540, and when the
substrate W 1s loaded or unloaded, only the second body 540
moves vertically, a load applied when the second body 540
moves 1n a vertical direction may be reduced.

Also, according to an embodiment of the present inven-
tion, since the plasma boundary limiter unit 500 1s divided
into the first body 520 and the second body 3540, and the
second body 340 1s coupled to the door assembly 140 to
vertically moves together with the door assembly 140, 1t
may be unnecessary to additionally provide a dniver for
moving the second body 540.

Also, according to an embodiment of the present mven-
tion, since the movement of the second body 540 and the
movement of the door assembly 140 are performed at
structurally the same time, the substrate treatment apparatus
10 may be more easily controlled.

Also, according to an embodiment of the present inven-
tion, since the opening or closing of the opening 104 and the
movement of the second body 540 are performed at the same
time, the number of processes and a time required from the
loading of the substrate W into the process chamber 100 to
the unloading of the substrate from the process chamber 100
may be reduced.

FIGS. 9 to 11 are views illustrating a modified example of
the substrate treatment apparatus 10 of FIG. 1. Plasma
boundary limiter umts 500a, 5005, and 500¢ 1n substrate
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treatment apparatuses 10a, 105, and 10c of FIGS. 9 to 11
have substantially the same structure as or similar to that of
the plasma boundary limiter unit 300 of FIG. 1.

The plasma source 400q 1n the substrate treatment appa-
ratus 10a of FIG. 9 includes an inductively coupled plasma
source. The plasma source 400q includes an antenna 420q

disposed outside the process chamber 100a. A high fre-
quency power source 460a may be connected to the antenna
420a. According to an embodiment, the antenna 420a may
be disposed above the process chamber 100a.

A door assembly 1405 1n the substrate treatment apparatus
1056 of FI1G. 10 may include only an outer door 1425 without
including an mner door. In this case, a second body 54056
may be directly coupled to the outer door 1426 by a
connection plate 1465b.

In the substrate treatment apparatus 10c¢ of FIG. 11, a
second body 540¢ may be separated from a door assembly
140c. The second body 540¢ may be adjusted in a relative
height with respect to the first body 520¢ by a body driver
590c¢ that 1s provided independent from a door driver 140c.
In this case, since the body driver 590c¢ drives only the
second body 540¢, but does not drive the whole plasma
boundary limiter unit 500c¢, a load may be less.

FIGS. 12 to 21 are views of plasma boundary limiter units
5004 to 500; according to another embodiment of the
present mnvention. The plasma boundary limiter units 500d
to 5004 and 500 of FIGS. 12 to 21 may be provided 1n the
substrate treatment apparatuses 10, 10q, 1056 and 10c of
FIGS. 1 and 9 to 11. Also, second bodies 5404 to 540; of the
plasma boundary limiter units 5004 to 5007 of FIGS. 12 to
17 may be adjusted in relative height with respect to first
bodies 520d to 520j, respectively.

A plate 564d 1n the plasma boundary limiter unit 5004 of
FIG. 12 may further extend downward than the plate 564 of
FIG. 1. A lower end of the plate 5644 may be disposed at a
height higher than that of a top surface of a support umt
200d. According to an embodiment, in a state where the
second body 5404 moves downward, the plate 564d of the
second body 5404 may be disposed at a position adjacent to
an exhaust hole 103. When the plasma boundary limiter unit
5004 of FIG. 12 1s used, the plate 564d 1s longitudinally
provided 1n a height direction. Thus, a gas flow 1n the height
direction of the plate 5644 within a space provided between
the plates 5644 may interfere to more eflectively prevent the
plasma from leaking to the outside of the plasma boundary
limiter unit 5004.

Each of first and second bodes 3520e¢ and 540e¢ i the
plasma boundary limiter unit 500e of FIG. 13 may include
two ring bodies 562¢ and 566¢ that vertically face each
other. Each of the plates 564¢ may be disposed between the
ring bodies 562¢ and 566¢. In this case, 1t may efliciently
prevent plasma within a discharge space 102 from leaking to
the outside of the plasma boundary limiter unit 500e along
the height direction of the plate 564e.

Each of plates 564/ in the plasma boundary limiter unait
5007 of F1G. 14 has a shape bent 1in a height direction. In this
case, 1t may eiliciently prevent plasma within a discharge
space 102 from leaking to the outside of the plasma bound-
ary limiter umt 500/ along the height direction of the plate
564/.

Each of plates 564¢ in the plasma boundary limiter umit
500¢g of FI1G. 15 has a shape bent in a length direction. In this
case, 1t may efliciently prevent plasma within a discharge
space 102 from leaking to the outside of the plasma bound-

ary limiter unit 500¢ along the length direction of the plate
564g.
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A plate 564/ 1n the plasma boundary limiter unit 500/ of
FIG. 16 may have a thickness gradually increasing away
from a discharge space 102 along a length direction of the
plate 564/. Thus, a distance between the adjacent plates
564/ may be equal to each other along a radius direction. In
this case, it may ethiciently prevent plasma within a dis-
charge space 102 from leaking to the outside of the plasma
boundary limiter unit 500/ along the length direction of the
plate 564/ when compared to the plasma boundary limiter
unit 500 of FIG. 1.

A plate 564: in the plasma boundary limiter unit 500; of

FIG. 17 may have a width that 1s variable according to a
height of the plate 564:. Thus, the adjacent plates 564; have

vertical distances different from each other. In this case, an
amount of a gas exhausted from the discharge space 102
may be adjusted through a region adjacent to the upper
clectrode (see reference numeral 420 of FIG. 1) and a region
adjacent to the lower electrode (see reference numeral 440
of FIG. 1). According to an embodiment, the plate 564; may
have a width gradually increasing toward a lower portion
thereol to reduce an amount of plasma leaking through an
upper region within the discharge space 102. Alternatively,
like the plasma boundary limiter unit 5007 of FIG. 18, a plate
564; may have a width having a stepped portion and
gradually increasing toward a lower portion thereof. When
the plasma boundary limiter units 500; and 5007 of FIGS. 17
and 18 are used, an etching rate over the entire area of the
substrate W may be improved.

In the plasma boundary limiter unit 500% of FIG. 19,
plates 5644 may have diflerent distances along a circumier-
ential direction. In this case, an etching rate of the substrate
W may be adjusted for each area. An etchmg rate of the
substrate W 1n a region adjacent to a region in which a
distance between the plates 564k is relatively narrow may be
greater than that of the substrate W 1n a region adjacent to
a region 1 which a distance between the plates 5644 1s
relatively wide.

In the plasma boundary limiter umt 500 of FIG. 20, a
ring body 520 may be disposed at a position different from
that of the ring body 562 of FIG. 1. For example, as shown
in FIG. 20, the ring body 520 may be disposed on outer
upper ends of plates 540m. Alternatively, the ring body
520 may be disposed on inner upper ends of the plates
540m.

In the plasma boundary limiter unit 5007z of FIG. 21, a
coupling member for coupling plates 5401 to each other may
be provided as a separate part in addition to a ring body. For
example, the coupling member may be provided as a plu-
rality of connection rods 520z connecting plates 540n to
cach other. Each of the connection rods 520z may be
disposed between the plates 340% and coupled to upper ends
of the adjacent plates 540z.

FIG. 22 1s a view of a plasma boundary limiter unit 500p
according to further another embodiment. In the foregoing
embodiments, the ring body of the plasma boundary limiter
unmit includes the first and second bodies which are separable
from each other. However, as shown 1n the plasma boundary
limiter unit 500p of FIG. 22, a ring body 520p may be
integrally provided. In this case, the whole plasma boundary
limiter unit 500p may move 1n a vertical direction. As shown
in FIG. 1, the plasma boundary limiter unit 500p may
vertically move together with a door assembly by a door
driver because the ring body 520p 1s coupled to the door
assembly. Alternatively, as shown in FIG. 11, the plasma
boundary may vertically move by a driver that i1s provided
independent from the door assembly.
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According to the embodiments of the present invention,
the plasma boundary limiter unit may be divided mto the
first body and the second body, and the first body may be
coupled to the door. Thus, since the first body vertically
moves together with the door, the number of parts for
moving the first body may be reduced.

Also, according to the embodiments of the present inven-
tion, the number of processes and a time required when the
substrate 1s loaded 1nto or unloaded from the process cham-
ber may be reduced.

Also, according to the embodiments of the present inven-
tion, the plasma boundary limiter unit may be divided into
the first body and the second body, and only the second body
moves when the substrate 1s loaded or unloaded. Thus, a
load applied when the second body moves 1n the vertical
direction may be reduced.

Also, according to the embodiments of the present inven-
tion, since the plurality of plates are provided along the
length direction of the ring body, a gas within the discharge
space may be smoothly exhausted.

Also, according to the embodiments of the present inven-
tion, the etching rate over the entire area of the substrate may
be improved according to the arrangements and shapes of
the plates, or the etching rate of the substrate may be
adjusted for each area of the substrate.

The above-disclosed subject matter 1s to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and
scope of the present mnvention. The preferred embodiments
should be considered 1n descriptive sense only and not for
purposes of limitation. Therefore, the scope of the invention
1s defined not by the detailed description of the invention but
by the appended claims, and all differences within the scope
will be construed as being included 1n the present invention.

What 1s claimed 1s:

1. An apparatus for treating a substrate, the apparatus
comprising;

a process chamber having an opeming through which the
substrate 1s loaded or unloaded, the process chamber
including a door assembly adjacent to the opening, the
door assembly including an outer door and an inner
door:

a support within the process chamber configured to sup-
port the substrate; a gas supply configured to supply a
process gas into the process chamber; a plasma gen-
erator configured to generate plasma from the process
gas; and a plasma boundary limiter within the process
chamber configured to surround a discharge space
defined above the support, the plasma boundary limiter
configured to reduce the plasma from leaking from the
discharge space, the plasma boundary limiter includ-
1ng,

a plurality of plates along a circumierence of the dis-
charge space, the plurality of plates being spaced apart
from each other along the circumierence of the dis-
charge space so that a gas within the discharge space
flows outside of the discharge space through passages
provided between adjacent ones of the plurality of
plates, and a coupling member configured to couple the
plurality of plates with each other, the coupling mem-
ber having a first body that i1s fixedly coupled to the
door.

2. The apparatus of claim 1, wherein the coupling member

1s a ring body.

3. The apparatus of claim 2, wherein the ring body 1s on
upper ends of the plates.
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4. The apparatus of claim 2, wherein the ring body turther
COmMprises:

a second body combined with the first body to form a ring

shape, wherein

the first body 1s vertically movable with respect to the

second body within the process chamber.

5. The apparatus of claim 1, wherein each of the plurality
of plates have the same distance therebetween.

6. The apparatus of claim 1, wherein the plurality of plates
have diflerent thicknesses 1n a vertical direction so that the
passages have diflerent widths 1n the vertical direction.

7. The apparatus of claim 6, wherein each of the passages
has a lower width less than an upper width thereof.

8. The apparatus of claim 4, wherein the first body and the
second body are combined with each other to form a circular
ring shape, and

a length of a side parallel to a radius direction of the ring

body of each of the plurality of plates 1s longer than that
of a width side of the ring body.

9. The apparatus of claim 4, wherein the first body and the
second body are combined with each other to form a circular
ring shape, and

the plurality of plates have the same width 1n a length

direction thereof so that a distance between the plural-
ity of plates along a radius direction of the ring body 1s
gradually widened toward the outside of the discharge
space.

10. The apparatus of claim 4, wherein the first body and
the second body are combined with each other to form a
circular ring shape, and

cach of the plurality of plates has a width gradually

increasing in a length direction thereof toward the
outside of the discharge space so that the plurality of
plates along a radius direction of the rnng body have the
same distance therebetween.

11. The apparatus of claim 2, wherein the plurality of
plates along a length direction of the ring body have diflerent
distances therebetween.

12. The apparatus of claim 1, wherein lower ends of the
plurality of plates are adjacent to an upper end of the
support.

13. The apparatus of claim 1, wherein lower ends of the
plurality of plates are under an upper end of the support.

14. The apparatus of claim 1, wherein each of the plurality
of plates 1s bent in a direction away from the discharge
space.

15. The apparatus of claim 1, wherein each of the plurality
of plates 1s vertically bent.

16. The apparatus of claim 1, wherein

the outer door 1s outside the process chamber,

the 1nner door 1s 1nside the process chamber facing the

outer door, the mner door being coupled to the coupling
member, and

the door assembly further includes a connection plate

connecting the outer door to the mner door.

17. The apparatus of claim 1, wherein the plasma bound-
ary limiter 1s formed of a conductive material, and

the plasma boundary limiter 1s 1n contact with an upper

clectrode so that the plasma boundary limiter 1s elec-
trically connected to the upper electrode.

18. A plasma boundary limiter configured to reduce
leakage of plasma outside of a discharge space associated
with an apparatus for treating a substrate using the plasma,
the plasma boundary limiter comprising:

a plurality of plates; and

a coupling member configured to couple the plurality of

plates with each other such that the plates are arranged
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along a circumierence of the coupling member, the
coupling member having a first body that 1s configured
to be fixedly coupled to a door assembly of the appa-
ratus for allowing the door assembly and the first body
to be vertically driven together, the door assembly
including an outer door and an inner door, the door
driver configured to move the outer door and the
plasma boundary limiter, wherein

the plurality of plates are spaced apart from each other

along the circumierence of the coupling member for 10

allowing a gas to flow through passages provided
between adjacent ones of the plurality of plates.
19. The plasma boundary limiter of claim 18, wherein
the coupling member 1s a ring body, and
the plurality of plates are coupled to the ring body.
20. The plasma boundary limiter of claim 18, wherein the
ring body further comprises:
a second body combined with the first body to form a ring
shape, wherein

15

14

the first body 1s vertically movable with respect to the

second body within the process chamber.

21. The plasma boundary limiter of claim 19, wherein a
length of a side parallel to a radius direction of the ring body
of each of the plurality of plates 1s longer than that of a width
side of the ring body when viewed from an upper side.

22. The plasma boundary limiter of claim 18, wherein the
plurality of plates have different thicknesses in a vertical
direction so that the passages have diflerent widths 1n the
vertical direction.

23. The plasma boundary limiter of claim 20, wherein the
plurality of plates along a length direction of the ring body
have different distances therebetween.

24. The apparatus of claim 1, wherein the first body 1s

directly connected to the door assembly such that the door
driver 1s configured to adjust the position of the plasma

boundary limaiter.




	Front Page
	Drawings
	Specification
	Claims

